Resistive random access memories (ReRAM), also referred to as memristors, have gained a great deal of attention recently as a potential high density, low energy replacement for flash and DRAM. Furthermore, the analog properties of this device are a potential enabler of neuromorphic computing. Of particular interest are the class of ReRAM based on based on the valence change mechanism and fabricated from transition metal oxides (TMOs) such Next, the structure was moved to the chemical vapor deposition (CVD) chamber for deposition of the 500 nm tungsten top electrode. It is important to note that during this transition, the top AIN surface was exposed to air, allowing oxygen to incorporate into the surface. Top electrodes were patterned and etched to form devices of areas ranging from 2.5xlO-s to 0.11 cm 2 . A TEM image of the completed device is given in Fig. 2 .
present resistive switching in a ReRAM structure with an AIN based switching layer. The electrical characteristics are very similar to those observed in the valence change class of ReRAM. In particular, we have observed bipolar switching at less than ± 1 V and repeatable linear current-voltage (I-V) behavior at subswitching (read) voltages similar to the electrical characteristics of TaOx ReRAM. Physical analysis using TEM with electron energy loss spectroscopy (EELS) reveals that the switching layer contains oxygen, likely forming aluminum oxynitride (AION).
Vertical All AIN/W MIM capacitor stacks were formed as illustrated schematically in Fig. l . Starting with a conducting p-type silicon wafer, a 22 nm TiN adhesion layer, 100 nm Al bottom electrode, and 12 to 50 nm AIN switching layers were deposited in a single physical vapor deposition (sputtering) step, without breaking vacuum.
Next, the structure was moved to the chemical vapor deposition (CVD) chamber for deposition of the 500 nm tungsten top electrode. It is important to note that during this transition, the top AIN surface was exposed to air, allowing oxygen to incorporate into the surface. Top electrodes were patterned and etched to form devices of areas ranging from 2.5xlO-s to 0.11 cm 2 . A TEM image of the completed device is given in Fig. 2 .
Electrical characterization was performed on a probe station in a dark box, using an Agilent 4156C with a 41501B Pulse Generator/Expander. I-V hysteresis loops (often associated with a memristor [5], sometimes called "fIgure-8" or "bowtie" curves) were used as a convenient method of demonstrating the highly linear behavior at sub switching voltages (Fig. 3 ). This linear I-V behavior is similar to that observed in TaOx• Linearity is desirable for analog use of the device, such as in a neuromorphic system. However, it creates challenges for use of the device as a
ReRAM in large arrays because it necessitates a select-device to reduce "sneak-path" leakage current. Switching is bipolar, with the low to high resistance transition occurring near + 1 V and the reverse return to high resistance between -0.5 and -1 V. Fig. 4 demonstrates bipolar switching between high and low resistance states with a short, high voltage pulse (�If.!s at ±5V). Each curve in Fig. 4 is linear with regression coeffIcients> 0.999. Fig. 5 gives a plot of resistance versus cycle for a device's fIrst 100 cycles. A maximum of 150 cycles has been achieved, but endurance has not yet been systematically studied. Typical ROFF/RoN ratios are on the order of 4 to 6. Devices with the thinnest (�12nm) switching layers had a much greater yield and higher endurance than thicker layer devices.
It is interesting to note that the proposed mechanism of transition metal oxide ReRAM is thought to involve the motion of oxygen anions under an electric fIeld, which create defects that facilitate electron transport [1] . Clearly, oxygen vacancies cannot be created or destroyed in a pure AIN switching layer. It is also known that N has a very low ionic mobility in AIN [6] . However, as noted in the process flow above, the AIN layer is exposed to air before the top electrode is deposited. To further investigate the effect of exposure to air, we examined a device cross section in a TEM using EELS to map out the chemical confIguration. The corresponding EELS results of this are given in Fig. 6 , which indicates a strong oxygen presence in the AIN fIlm, likely forming AION. Hence, it is possible that the switching mechanism in this AIN/ AION layer is still related to oxygen anion motion. Further work is needed to determine conclusively if switching can occur in a pure nitride layer.
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